Six natural polyphenolic compounds, brevifolin carboxylic acid, brevifolin, ellagic acid, methyl gallate, gallic acid and protocatechuic acid have been isolated from the methanol extract of the whole plant of Erodium cicutarium (L.) L.'Herit. (Geraniaceae). Structures were determ ined by conventional methods of analysis and confirmed by MS and NMR spectral analysis. The distribution of these compounds in the other species of the Erodium genera (E. botrys, E. chium, E. ciconium, E. cicutarium, E. glutinosum subsp. dunense, E. gruinum, E. manescavi, E. pelargoniiflorum, E. petraeum ) were examined by H PLC with a RP-18 column, and MGD-TLC methods on unmodified silica gel and silica gel chemically modified with polar and nonpolar groups (HPTLC-Si 60 LiChrospher, HPTLC-NH^, HPTLC-D IO L, HPTLC RP-18W).
Introduction
E. cicutarium (Common stork's bill) is a one-or two-year herb growing up to about 50 cm and in digenous to Europe, Asia and North America. O ther species of the Erodium genera are M editer ranean plants. Decoction from the aerial parts of E. cicutarium plant has been recommended for treatm ent of dysentery, fever, wounds and worm infections as a traditional medicine (Lis-Balchin, 1993; . In Middle Europe it was employed as antihaem orrhagic drug in gynecology to stop the uterine bleeding and as general haemostipticum. Ellagitannin-containing plants, such as these from the genera Erodium are used for preparing astrin gent and antiseptic teas announced in stomatitis (Klocke et al., 1986) . Both water and m ethanol ex tract from E. cicutarium dem onstrated antiviral ef fect in relation to Herpes virus type 1, Vesicular stomatitis, Vaccinia virus and myxoviruses (Zielinska-Janczylik et al., 1987) . Non of these extracts did induce interferon in suspension of hum an leu kocytes. However, the methanol extract exerted a stimulatory effect on the synthesis of interferon induced with Newcastle disease virus in cell cul tures. The strongest viricidal fractions contain some polyphenols, excluding flavonoid glycosides (Zielinska-Janczylik et al., 1988) . In immunological tests the low concentrations of m ethanol extract from E. cicutarium stimulated whereas the high concentrations inhibited free radicals activity of hum an granulocytes in vitro (Fecka et al., 1997) . This observation was in agreem ent with previously described antioxidant properties of several species from Erodium. The polyphenolic fraction from flowering aerial parts of these species exerted in vitro a free radical scavenging effect on the 1,1-diphenyl-2-picrylhydrazyl (D PPH ) radical (Lamaison et al., 1993) and an inhibitory effect on the Fe+2-induced lipid oxidation (Sroka et al., 1994) . Previous papers reported the presence of ellagitannins, flavonoid glycosides, phenolic acids and essential oil (Lis-Balchin, 1993) . Salech et al. (1983) studied the flavonoids of fourteen Erodium from two sections: Pulmosa Boiss. and Erodium (=Barbata Boiss.). Ellagic acid (0.77%) was de tected in hot m ethanol extract of E. cicutarium by G C (Klocke et al., 1986) . The total concentration of flavonoids, tannins and geraniin in E. chium, E. ciconium and E. cicutarium were determ ined using both colorimetric and chromatographic methods (Lamaison et al., 1993) . In this work we have de fined the polyphenols content of m ethanol ex tracts from nine species of Erodium. Phenolic acids and depsides have been examined with help of qualitative and quantitative analytical tech niques.
Plant material
The following species from the Erodium genera (Geraniaceae) were analyzed: 
Preparation o f extracts
Phenolic compounds, derivatives of phenol car boxylic acid and hydroxycinnamic acids were p re pared from 5 g dried and powdered herbs of each species from the Erodium genus according to the method described by Van Sumere et al., (1972) . Free phenolic acids and phenolic acids obtained after the hydrolytic cleavage of O-glycosides or es ters were designated in diethyl ether extracts. E n zyme hydrolysis: ß-glucosidase (Koch-Light, Colnbrook Bucks, England); the acetic buffer; pH 4.5; 37 °C; 10 h. Alkaline hydrolysis: 2 M NaOH; pH 12; room tem perature; 120 min. M ethanol ex tracts were prepared by a well-known procedure. The second portions (5 g) of powdered row m ate rials were first exhaustively extracted (Soxhlet) with CH2C12 and next with m ethanol on the waterbath. A fter filtration crude m ethanol extracts were concentrated under reduce pressure at 40° C, and the 0.1 g from each obtained residues dissolved in 10 ml of HPLC grade m ethanol (Merck, D arm s tadt, Germany).
Isolation o f polyphenols
The isolation of compounds A-F (Fig. 1) was performed only for Erodium cicutarium herb. The other species were analyzed with help of chrom a tographic techniques. Powdered and dried aerial parts (800 g) of E. cicutarium were extracted suc cessively with /7-hexane, CH 2C12 and m ethanol in
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a Soxhlet apparatus. The crude methanol extract was filtered, dryness under reduce pressure at 40 °C, dissolved in water (300 ml) and partitioned with diethyl ether (liquid-liquid extractor). The di ethyl ether fraction of the m ethanol extract from E. cicutarium (6 g from total ratio 22.5 g) was sep arated on silica gel column (Si 60, 0.15-0.30 mm; Macherey-Nagel, Düren, Germany) using step wise gradient elution with CH 2C12 containing increasing concentration of methanol -1 0 % , 20%, 30% to 60%. Seven fractions were collected (Fr-l-^Fr-7). The fractions consisting of polyphen ols were finally purified on octadecyl (RP-18, 40 (im, 60 A, LC J. T.Baker, Phillipsburg, USA) with solvent systems consisted of m ethanol and water. Subsequent purification by a combination of silica gel and octadecyl chromatografies afforded 4 indi vidual compounds: compound A (115 mg) from Fr-2 using 10% methanol as the eluent, compound B (85 mg) from Fr-3 using 10% methanol, com pound C (800 mg) from Fr-5 using 10% m ethanol, compound D (30 mg) from Fr-6 using 20% m etha nol. Compound E (65 mg) was separated from compound F (31 mg) on the N H 2 microcolumn (500 mg, 3 ml J. T.Baker, Phillipsburg, USA). In these conditions constituent F was selectively ab sorbed from the methanol solution of Fr-7 on a propylamine bad and washed with m ethanol-for mic acid (99.5:0.5; v/v). Compound E was crystal lized from the m ethanol eluate. Structure of iso lated constituents were elucidated based on chemical evidences and spectral analyses.
Standard solutions
Polyphenolic stock standard solutions (1 mg/ml) were prepared by dissolving 5 mg of each stan dards in 5 ml of HPLC grade m ethanol (Merck, D arm stadt, Germany). Working standard solu tions were prepared by dilution with methanol and filtered through membrane filters (Millipore, 0.22 [Am). All standards of phenolic acids were purchased from Extrasynthese (Lyon, France).
Apparatus and conditions
IR and UV spectra were m easurement on a U n icam SP 1000 spectrometer and a Perkin Elm er UV/VIS Lambda 20 spectrophotometer. ESIMS were recorded on a AMD 604 mass spectrom eter and ESMS on a AM D 404 mass spectrometer. :H-, 13C-NMR spectra were obtained on a Bruker WM 52 spectrometer.
In TLC were used following HPTLC precoated plates (Merck, Darm stadt, G erm any), 20 x 10 cm: silica gel Si 60, LiChrospher Si 60, aminopropyl silica, octadecyl RP-18W and H PTLC D IO L 10 x 10 cm. They were spotted with 10-20 |il samples of diethyl ether extracts, 5 -1 5 (il solutions of indi vidual standards and their m ixture as 8 -1 0 mm bands. Chromatograms were developed in hori zontal teflon DS-chambers (Chromdes, Lublin, Poland) with the gradient mobile phase program I, II, III (Table I) or two tim e with eluent IVwater-methanol-formic acid (89:10:1; v/v/v), over a path of 9 cm. Plates were dried in a stream of warm air for 5 min after each step. Colored com pounds were detected under UV light (254, 365 nm) and by spraying with 1% methanol FeCl3 (Fig. 2) , or with fos-diazotized sulfanilamide (Fig. 3 ).
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The HPLC system consisted of two pumps (Knauer, Berlin, Germ any), a sample injector and a variable wave length UV detector (K nauer vari able wavelength m onitor type 87.00) connected to a personal com puter (HPLC Software/Hardware Package Version 2.21A). Separations were achieved using a LiChroCART® 2 5 0 -4 100 RP-18 (5 ^m) column with a LiChroCART® 4 -4 100 RP-18 (5 ^im) pre-column (Merck, D arm stadt, Germany). D etection was carried out by on-column m easurement of UV absorption at 280 nm. The sensitivity was set at 0.04 a.u.f.s. The flow rate was adjusted to 1.0 ml/min. Phenolic acids and depsides were separated using an acetonitrilewater gradient with formic acid addition according to program V (Table II) . A 20 (il volume of ana lyzed samples was injected. The calibration graphs of polyphenols were prepared by measuring the peak area and they were linear in the examined range (0.02-0.10 mg/ml). For the HPLC analyses 945 Table I . G radient elution program s for the M GD-TLC method when using various plates. Plates were dried after each step.
P ro g r a m I. Four-step gradient program for silica gel plates.
Step 
Results and Discussion
Phenolic acids and depsides in the Erodium ge nus were investigated by chromatographic tech niques. We carried out an isolation and an identifi cation of main constituents of diethyl ether fraction from the m ethanol extract of E. cicutarium. The composition of polyphenols from the other species of Erodium was established using HPLC and M GD-TLC methods. Dried and pow dered aerial parts of plants were extracted with m ethanol under reflux. Polyphenolic compounds were partitioned between E t20 and water. Pheno lic acids and depsides were examined before and after hydrolysis of tannins (Van Sumere et al., 1972) . The diethyl ether fraction from E. cicutarium was chrom atographied on silica gel by the CC method. Elution with C H 2C12 containing increasing proportions of m ethanol separated pol yphenols according to their polarity. Eluates con sisting of phenolic acid or depsides were finally separated on octadecyl with a solvent system con taining m ethanol and water. Subsequent purifica tion by combination of octadecyl and silica gel chromatographies afforded 6 individual com pounds (A-F). Structures of these principles (Fig. 1) were elucidated by chemical methods (mainly co-chromatography, hydrolytic degrada tion, melting point) and spectroscopic methods (UV, IR, MS, NM R). These separated constituents were identified as methyl gallate (A), protocatechuic acid (B), gallic acid (C), brevifolin carboxylic acid (D), brevifolin (E) and ellagic acid (F) by di- rect comparison of their physical and spectral pro files with literature values (Klocke et al., 1986; Shimizu et al., 1989; Nawwar et al., 1994; Lin and Lin, 1997) . We have also exam ined the distribution of phenolic acids and depsides in the other species of Erodium. Unmodified silica gel and silica gel chemically modified with polar (amino, diol) and nonpolar («-octadecyl) groups were employed for analysis of polyphenols by TLC. The best separation of phenolic acids was achieved on silica gel Si 60 LiChrospher and octadecyl plates using program I (Fig. 1) and mobile phase IV relatively. Satisfied results were observed for diol and program III. Depsides were determined on propylamine plates at program II (Fig. 3) . HPLC-RP 18 separation with acetonitrile-water gradient was characterized good resolution for both phenolic acids and dep sides. The optimal separation of the standard mix ture was recorded for 5% concentration of formic acid as pH modifier (Fig. 4) pounds in an analyzed material can be applied for a chemosystematic study of other species from the Erodium genera in the polyphenols range. Phenolic acids and depsides are secondary m e tabolites derived by hydrolysis of tannins. The Geraniaceae family afford ellagitanins with geraniin as a main constituent (Okuda et al., 1983;  1989b) . Geraniin are hydrolyzed with dilute HC1 yielding ellagic acid, brevifolin carboxylic acid, brevifolin, gallic acid and glucose (Okuda et al.,  1989a) . Investigated methanol extracts and diethyl ether fractions yield phenolic compounds in high concentration (Table III) . Obtained results indi cate that the major constituents of free phenolic acids are gallic acid, gallic acid methyl ester and protocatechuic acid. The second polyphenolic group are depsides: ellagic acid, brevifolin and its precursor brevifolin carboxylic acid. In low con centration appear following phenol carboxylic acids: salicylic; m-and /?-hydroxybenzoic; 2,3-dihydroxybenzoic; gentisic; vanillic and hydroxycin namic acid derivatives: caffeic; p-coumaric; ferulic. Gallic acid and gentisic acid are present mainly as free or as ß-glucosides. Protocatechuic acid and depsides form ester bonds. E. botrys, E. chium, E. cicutarium, E. glutinosum subsp. dunense, E. manescavi and E. petraeum have the similar qualita tive composition of non-glycosylated polyphenols but they reveal quantitative differences. The high est content of depsides have been observed in E. manescavi and E. petraeum. The mean value for gallic acid is about 0.48% of dried weight of ex tracts and for ellagic acids 2 .0 % respectively. Methyl gallate has been detected in a high concen tration in E. chium and E. petraeum. E. ciconium does not synthesize the methyl ester of gallic acid. It is interesting that E. gruirtum and E. pelargoniiflorum possess only traces of phenolic acids with no presence of methyl gallate. The presence of gal lic acid, protocatechuic acid, brevifolin carboxylic acid and caffeic acid were also described in E. moschatum (L.) L'Herit by Jer-Huei Lin and MeiFan Lin (1997). Because, phenolic acids and dep sides have been detected in the majority of tested methanol extracts their biologic significance may be discussed. These identified polyphenols possess antioxidant (Kimura et al., 1983a (Kimura et al., , 1983b Hatano et al., 1989 Hatano et al., , 1990 , antibacterial (Kolodziej et al., 1999) , antiviral (Kane et al., 1988a; 1988b) and an tiphlogistic actions 1989b) . El- 
